Inhibition of the mammalian target of rapamycin sensitizes U87 xenografts to fractionated radiation therapy.
The mammalian target of rapamycin (mTOR) modulates key signaling pathways that promote uncontrolled proliferation of glioblastoma multiforme (GBM). Because rapid tumor proliferation may contribute to the clinical radioresistance of GBM tumors, the combination of rapamycin, a selective mTOR inhibitor, and radiation was studied in vitro and in vivo in a GBM model. In monolayer cultures of U87 and SKMG-3 cells, rapamycin had no impact on radiation sensitivity. In contrast, rapamycin significantly enhanced the efficacy of fractionated radiation of established U87 xenografts in nude mice. Similar effects were seen in U87 spheroids treated with rapamycin and radiation, which suggests that the sensitizing effects of this drug are dependent on disruption of mTOR signaling pathways specifically within tumor cells. Inhibition of these signaling pathways can lead to inhibition of G(1)-specific cyclin-dependent kinase activities, and this could contribute to the sensitizing effects of rapamycin. Consistent with this idea, roscovitine, a specific cyclin-dependent kinase inhibitor, also enhanced the efficacy of fractionated radiation in U87 spheroids. These data demonstrate that inhibition of tumor proliferation does not diminish the efficacy of fractionated radiation and suggest that disruption of key signal transduction pathways may significantly enhance the effectiveness of radiation therapy in malignant gliomas.